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Among the currently available coal l iquefaction processes, the Controlled 
Flash Pyrolysis ( C F P )  process developed by Occidental Research Corporation 
is  unique in several respects. The CFP process uses the hydrogenated 
recycle solvent fo r  the quenching of pyrolysis vapors. The solvent (in 
most cases t e t r a l i n  is  used as a model solvent) functions as a d i l u t i n g  
f ac to r  t o  decrease the probabili ty of polymerization and as hydrogen- 
shuttl ing agent t o  prevent the reactive f r ee  radicals i n  coal l iqu id  from 
further reactions. The coal l i q u i d  thus obtained is  presumably l igh ter  
and be t te r  i n  quality.’ 
composition of the CFP coal l iquids a re  therefore essential  i n  
understanding both the l i qu id  quali ty and the quenching mechanism of our 
process. 

Coal liquid i s  a complex mixture; i t s  understanding can be determined by 
both the study of i t s  general charac te r i s t ics  ( s t a t i s t i c a l l y  average 
properties),  and by a detailed analysis of i t s  chemical composition. 
Techniques developed for  the study of heavy o i l s  from petroleum can be 
applied for  coal l i q u i d  samples. 
average property, the conventional methods, such as elemental analysis, 
solvent c l a s s i f i ca t ion  t e s t ,  GPC, and ASTM D1160 d i s t i l l a t i o n  for  the 
l iqu id  analysis were employed. 
Ionization Mass Spectrometry (FIMS) which produces only molecular ions 
w i t h  very l i t t l e  fragmentation has a l so  been ut i l ized for  the determina- 
tion of molecular weight d i s t r ibu t ion .  
liquefaction products is d i f f i c u l t .  
samples, structural  analyses are usually 1 imited to  o i l  and asphaltene 
fractions.* $ 3  34 Chromatographic technique must be used for  separation 
before spectroscopic methods can be applied. 
chromatographic fractionation method analyzing not only asphal tene 
(benzene-soluble) b u t  a l so  preasphaltene materials. J .  E.  Dooley has 
performed an extensive study on the characterization of syncrudes from 
coal. 
study we have separated coal l iqu id  in to  f rac t ions  according t o  boiling 
point, polarity and ac id i ty /bas ic i ty .  
then u t i 1  ized for  i t s  chemical characterization. 

Wyodak coal was used for  the pyrolysis and the pyrolysis temperature 
varied from llOO°F t o  1600°F unless otherwise specified. The model quench 
solvent, t e t r a l i n  w i t h  10% of m-cresol was used fo r  the quenching of coal 

The determinations of the chemical nature and 

In th i s  study for  the determination of 

The recently developed technique of Field 

The detailed analysis of coal 
Due t o  the complexities of the l i q u i d  

M. Farcasiu5 has employed 

A GPC-NS correlation was developed i n  t h a t  study.6 In the present 

Combined spectroscopic methods a re  
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pyrolysis vapors. 
so lubi l i ty  of coal l iqu id  i n  t e t r a l i n ,  2) promote the hydrogen-shuttling 
mechanism.7 The removal of quench solvent which was carried out by 
Kugelrohr d i s t i l l a t i on  ( l b ,  50°C) was necessary before the analysis of 
coal l iquid began. Dur ing  the process of solvent removal, vo la t i le  
materials inevitably codis t i l l ed .  The coal l i q u i d  samples discussed here 
a re  therefore the 400"F+ material. 

The role of m-cresol can be two-fold: 1) increase the  

Elemental Analysis and Solvent Classification Test B: 
The general characterization of coal 1 i q u i d  s t a r t s  w i t h  elemental analysis 
and solvent c lass i f ica t ion  t e s t .  
temperature increases, the o i l  content and aromaticity of the 1 iquid 
increases accordingly, whereas the oxygen content decreases. 
finding was reported i n  the H-NMR study on the influence of pyrolysis 
temperature on the aromatic fraction and the phenolic content.8 
suggested t h a t  larger fused aromatic ring systems a re  produced and 

As shown i n  Table 1, as the pyrolysis 

A similar 

I t  was I 
L additional pyrolytic reactions occurred a t  higher temperatures. 

t 
Table 1 

Some Chemical Properties of Coal Liquids Prepared a t  
Different Pyrolysis Temperatures 

\ 1100°F 
c w t  % 79.19 
H w t  % 7.24 
N w t  % 1.11 
s w t  % 0.34 
0 w t  % 11.34 

o i  1 
asphal teneb 
preasphal teneC 

H/Ca 1.09 

1200°F 

6.80 
1.15 
0.35 

10.23 
1.00 

40.6 

19.6 

a i .  25 

39.8 

L i q u i d  
1300°F 

6.21 
1.17 
0.42 

10.05 
0.91 

46.0 
21.8 
26.6 

82.14 
1600°F 

4.72 
1.58 
0.51 

0.69 

84.73 

4.86 

56.3 
26.0 
16.3 

a material t ha t  is pentane soluble 
material t ha t  is pentane insoluble, b u t  toluene soluble 
material tha t  i s  toluene insoluble, b u t  pyridine soluble 

Yo1 a t i  1 i ty 

The vola t i l i ty  of coal l iquid was a l so  studied. 
ference of quench solvent, t e t r a l i n  and m-cresol , the amount of material 
which boils below 400°F was corrected fo r  t h e i r  presence a s  determined by 
GC . 

Because of the in t e r -  
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The 400"F+ m a t e r i a l  was then subjected t o  ASTM D1160 d i s t i l l a t i o n .  
the d i s t i l l a t i o n  requ i red  s i g n i f i c a n t  'amounts o f  ma te r ia l ,  on l y  two 
samples (1200°F and 1600°F) were s tud ied  us ing  t h i s  technique. Instead, 
f i e l d  i o n i z a t i o n  mass spectrometry which i s  u s e f u l  f o r  molecular weight 
d i s t r i b u t i o n  determinat ion was employed. 

FIMS was found t o  be useful i n  t h e  measurement o f  v o l a t i l i t y  s tud ies.  
Th is  i s  achieved s ince t h e  sample i n  t h e  probe can on ly  be vaporized i n  
vacuo under proper heating. 
o f  probe temperature the re fo re  r e f l e c t s  the  b o i l i n g  p o i n t  range o f  the 
mixture, a l though the  i o n i z a t i o n  p o t e n t i a l  o f  t he  components may s l i g h t l y  
i n f l u e n c e  the  p r e c i s i o n  o f  t h i s  method. This  approximation may be t o l e r -  
ab le  when t h e  v o l a t i l i t i e s  o f  d i f f e r e n t  coal  l i q u i d  samples are compared, 
cons ide r ing  the  s i m i l a r i t y  o f  mu1 ti-component p r o f i l e s  among l i q u i d  
samples. 
d i f f e r e n t  p y r o l y s i s  temperatures us ing  t h e  FIMS technique. 
1600°F generates t h e  l i g h t e s t  ma te r ia l .  

Thermogravimetric Ana lys i s  i s  c u r r e n t l y  be ing i n v e s t i g a t e d  f o r  ob ta in ing  
data on t h e  sample v o l a t i l i t y .  P re l im ina ry  r e s u l t s  on creosote o i l  (Fig. 
2) showed e x c e l l e n t  c o r r e l a t i o n  among D1160, s imulated GC d i s t i l l a t i o n  and 
TGA. Deviat ions occurred on ly  i n  the h i g h  temperature region. The 
advantage o f  t h i s  method i s  t h a t  on ly  a minute amount o f  sample i s  needed, 
and the c o s t  o f  the ana lys i s  i s  low. The major d i f f e r e n c e  between TGA and 
d i s t i l l a t i o n  i s  t h a t  the d i s t i l l a t i o n  i s  c a r r i e d  ou t  i n  an e q u i l i b r i u m  
state,  whereas TGA i s  c a r r i e d  o u t  under t h e  f l ow  o f  an i n e r t  gas. 

Since 

The change o f  i o n  i n t e n s i t i e s  w i t h  the change 

F ig .  1 shows the  comparison o f  t he  v o l a t i l i t y  o f  samples from 
Temperature 

Molecular  Weight D i s t r i b u t i o n  

Molecular weight d i s t r i b u t i o n  o f  coal  l i q u i d s  was determined by Gel 
Permeation Chromatography (GPC) and FIMS. 
e f f e c t  on the molecular  weight  d i s t r i b u t i o n  i s  i l l u s t r a t e d  i n  F ig.  3 and 
Table 2 as determined by GPC and FIMS respec t i ve l y .  

The p y r o l y s i s  temperature 

Table 2 

Effect of P y r o l y s i s  Condi t ions on Coal L i q u i d  400°F+ (FIMS Study) 

Number 
Ave. W t .  Ave. 

P y r o l y s i s  Condi ti on % Yo1 a t i  1 i zed M. W t .  M. A t .  

1100°F 
1200°F 
1300°F 
1600°F 

89 343 400 
88 307 344 
87 275 303 
88 284 310 

The t rend  of decreasing average molecular  wei ght  w i t h  i nc reas ing  p y r o l y s i s  
temperature i s  cons i s ten t  i n  both studies. 
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Composi t i o n a l  Analys is  

1200°F 

1600°F 

Comparison of FIWS o f  coal  l i q u i d s  obta ined a t  d i f f e r e n t  p y r o l y s i s  
temperatures reveals  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e i r  composit ions 
(Fig. 4). We have t h e r e f o r e  chosen two samples (1200°F and 1600°F) f o r  
comprehensive cha rac te r i za t i on .  The method developed by J. E. Oooley6 was 
adapted w i t h  some m o d i f i c a t i o n  i n  the  separat ion o f  t he  l i q u i d  mixture.  
The procedure inc ludes a t h r e e - t i e r e d  separation: d i s t i l l a t i o n ,  acid/base 
e x t r a c t i o n  and l i q u i d - s o l i d  chromatography as shown i n  F ig .  5. Three 
d i s t i l l a t i o n  cu ts  (400-650°F, 65O-74O0F, 740-870°F) from the  1600°F sample 
and two d i s t i l l a t e s  (4O0-65O0F, 650-700°F) from t h e  1200°F sample were 
used for  the f u r t h e r  separation. 
respec t i ve l y  gave the percentages o f  acids, bases and n e u t r a l s  as 1 i s t e d  
i n  Table 3 .  

E x t r a c t i o n  w i t h  1N NaOH and 1N HCl  

d i s t i l l a t e  1 
(400-650°F) 31.4% 4.8% 63.1% 

d i s t i l l a t e  2 
(650-700°F) 27.5% 7.6% 62.1% 

d i s t i l l a t e  1 
(400-650°F) 3.2% 4.5% 88.5% 

d i s t i l l a t e  2 
(650-740°F) 2.6% 3.1% 91.4% 

d i s t i l a l t e  3 
(740-870°F) 4.5% 1.6% 73.0% 

Table 3 

D i s t r i b u t i o n  o f  Acids, Bases and Neu t ra l s  
i n  Coal L i q u i d  Sample 

The a c i d i c  p o r t i o n  present  i n  the 1600°F sample i s  cons iderably  lower  than 
t h e  1200"F, which i s  i n  agreement w i t h  the lower  oxygen content  discussed 
before. 
i n v e s t i g a t e d  by C-13 NMR and I R  t o  o b t a i n  i n f o r m a t i o n  on the  d i s t r i b u t i o n  
o f  f unc t i ona l  groups con ta in ing  heteroatoms such as oxygen and n i t rogen.  
The neu t ra l  f r a c t i o n s  were then f u r t h e r  separated i n t o  sub f rac t i ons  by 
chromatographic methods u t i l i z i n g  both s i l i c a  and alumina i n  a s i n g l e  
column, e l u t i n g  w i t h  hexane, benzene/hexane (5%, then 20%), CHCl,, and 

These p o l a r  compounds (ac ids  and bases) a re  c u r r e n t l y  be ing 
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f i n a l l y  CH OH/CHCl, (10%). 
are saturates, monoaromatics, d iaromat ics and polyaromat ics were f u r t h e r  
examined by t h e i r  r e t e n t i o n  f a c t o r s  (Rf) on t h i n  l a y e r  chromatography 
against  standards (benzene, naphthalene, and phenanthrene). The e f f i -  
c iency o f  t h e  dual packed column separat ion a r e  being s tud ied  by GC-MS. 
The r e s u l t s  w i l l  be discussed. 

The sub f rac t i ons  c o l l e c t e d  which presumably 
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Figure 3 

Gel Permeation Chromatograms of Coal Liquids 

FIGURE 5 

Separation m d  Characterization Procedure for Coal Liquids 
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FIGURE 4b 

Canparison of Flns of Coal Liquid Samples 
Obtained a t  Different TmPeratuTeS 
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FIGURI  4a 

Cmparison o f  FIRS of Coal Liquid Samples 

Obtained a t  Different Tenfperatures 
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